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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[01] The present invention relates to a method for modifying a chromosome of 
yeast, employing yeast chromosome splitting vectors. More specifically, the present 
invention relates to a method for modifying a chromosome, employing two linear 
chromosome splitting vectors. 

2. Description of the Related Art 

[02] The development of recombinant DNA technology has led to the 
development of techniques for modifying or manipulating genes as desired, and has 
made it possible to introduce modified genes into various organisms. 

[03] Techniques for modifying DNA include site-specific mutagenesis, 
treatments with restriction enzymes, and PCR. However, these techniques are only 
applicable to genes having a limited size such as about lOkbp, at most about 40 kbp. 
Development of techniques for modifying large size DNA such as a chromosome has 
just begun. 

[04] Yeast is a useful organism that has been used in the fermentation industry 
for a long time. The chromosome of yeast can be modified by chromosome 
modification techniques such as splitting or loss of a chromosome so as to obtain 
information about, for example, the necessary number, length, and an amount of 
chromosomes. Based on such information, principle of yeast genome function and 
organization is expected to be constructed. If this principle is constructed, it may be 
possible that a desired substance can be produced efficiently by yeast in which 
unnecessary genes, for example, energy consuming genes are removed. 
Furthermore, if a desired region of a chromosome can be transferred into another 
yeast, the chromosome function of yeast can be analyzed so as to breed useful yeast. 
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[05] DNA libraries including a large size DNA (e.g., 200 kbp or more) of plant 
chromosomes have been prepared by using, for example, a yeast artificial 
chromosome vector (YAC vector). If this large size DNA can be separated or 
manipulated as desired in accordance with various purposes, it may be possible to 
accelerate a development of plant biotechnology including breeding of useful 
transgenic plants that have not existed before. Further, it may also be possible to 
accelerate a development of basic biology for animals and plants, for example, 
elucidation of structure and function of animal and plant chromosomes, speed-up of 
positional cloning, simple and easy assay for animal and plant gene function, and 
construction of artificial chromosomes for animals or plants. 

[06] In this context, it has been attempted to manipulate chromosomes, for 
example, to split or loss of chromosomes of yeast or animal or plant. In order to 
stabilize a chromosome in yeast, it is necessary that a telomere sequence is present at 
a terminal of the chromosome. For this reason, the conventional technique for 
splitting a chromosome in yeast utilizes a phenomenon that the telomere sequence of 
the yeast is added to the telomere sequence derived from Tetrahymena rDNA 
(hereinafter referred to as "Tr sequence") at a high frequency in order to stabilize the 
split chromosome (see Shampay et al. (1984) Nature (London) 310, 154-157). 
Figures 15A to 15D show the outline of this conventional technique for splitting a 
chromosome. This technique is based on the following phenomenon: when a vector 
haboring centromere (C), telomere repetitive sequence (Tr-Tr) derived from 
Tetrahymena rDNA that are placed in opposite directions to each other, a selection 
marker (M) for a yeast transformation, and any target sequence is introduced into a 
yeast chromosome by transformation (Figure 15 A), homologous recombination 
occurs within the target sequence (Figure 15B). Then, telomere resolution occurs at 
the Tr-Tr sequence that has been introduced into the chromosome so as to split the 
chromosome (Figure 15C), followed by addition of telomere sequence of the yeast to 
the dissociated terminal (Tr sequence) of the split chromosomes (Figure 15D). 

[07] Figures 16A and 16B show the Tr sequence derived from Tetrahymena. 
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The Tr sequence consists of about 700 bp, in which an AT rich portion of about 400 
bp is followed by a repetitive sequence element of 5'-CCCCAA-3' (C 4 A 2 ) of about 
300 bp. It seems that this repetitive sequence serves as a signal to which the 
telomere sequence of the yeast can be added effectively (Figure 16A). It has been 
reported that the telomere sequence of the yeast can be added to a terminal sequence 
(C 4 A 2 )6 consisting of only 6 repeats of C4A2 (Figure 16B) (see Murray et al., (1988) 
Mol. Cell. Biol. 8(11), 4642-4650). 

[08] There has been a report of an attempt to split a yeast chromosome utilizing 
the phenomenon shown in Figure 16A, for example, using a yeast chromosome 
vector pCSVl having a centromere gene (CEN4) of the yeast, a marker gene (URA3), 
two telomere sequences that are placed in opposite directions each other and a HIS3 
gene as stuffer DNA between the two telomere sequences (see Japanese Laid-Open 
Patent Publication No. 10-84945). 

[09] Figure 17 shows the splitting of a yeast chromosome with this splitting 
vector pCSVl. In Figure 17, the pCSVl has CEN4, URA3 (not shown), Tr 
sequences that are placed in opposite directions each other, and a stuffer DNA (X) 
between the two Tr sequences. The splitting includes the steps of: (Step 1) 
introducing a target sequence (Y) into the splitting vector pCSVl, wherein the target 
sequence (Y) has a splitting site; (Step 2) removing the stuffer DNA (X); (Step 3) 
cyclizing the plasmid from which the stuffer DNA (X) has been removed; and (Step 
4) cleaving the cyclized plasmid at the target sequence (Y) to obtain a linear splitting 
vector so as to introduce it into a homologous region of a yeast chromosome. It 
seems that by introducing the linear splitting vector into a yeast cell, homologous 
recombination occurs within the target sequence, and then the oppositely-oriented 
telomere sequences are resolved so as to split the chromosome. 

[10] However, in the above-described method, a complicated four step 
procedure is necessary, and in this method, the following time-consuming work is 
required: (1) it is necessary to clone the target sequence to the splitting vector for 
every splitting; (2) the vector used in Step 1 to which the target sequence Y is 
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introduced and the vector used in Step 3 that is re-cyclized have to be introduced into 
bacterial cells for amplification; and (3) the target sequence is cleaved at only one 
site with a restriction enzyme in order to increase an efficiency of oriented 
integration at a homologous region. Thus, in this method, a plurality of complicated 
steps is required and it takes much time for the splitting of chromosome. 

[11] Therefore, it was attempted to split a chromosome by preparing a linear 
splitting vector (A) having a telomere sequence (i) - a centromere sequence of a 
yeast chromosome - a target sequence (i) in this order, and a linear splitting vector 
(B) having a target sequence (b) - a marker gene sequence- a telomere sequence (ii) 
in this order, and introducing them into a yeast. When these two linear splitting 
vectors were introduced into the yeast, splitting of yeast chromosome was confirmed. 
These two splitting vectors was obtained from a vector having a target sequence (5) - 
CEN - a Tr sequence and a vector having a target sequence (8) - a marker gene - a 
Tr sequence, as shown in Figure 18A. Therefore, there is no need for complicated 
steps that are required in the conventional method using the chromosome splitting 
vectors, for example, as shown in Figure 17. 

[12] However, the two splitting vectors could not be amplified by PCR (see 
Figure 18C). PCR was performed in order to obtain linear splitting vectors (A) and 
(B) using a plasmid that contain Tr sequence as a template as shown in Figure 18B. 
The PCR products 7 and 8 were analyzed and it was found that non-specific 
amplification had occurred as shown in Figure 18C. One of the reasons why the two 
splitting vectors could not specifically be amplified by PCR is that there is a 
repetitive sequence of about 300 bp in the Tr sequence, as described above. For this 
reason, even with the method using the two splitting vectors, which is much simpler 
than the method shown in Figure 17, an operation of amplifying and cleaving a 
cyclic vector and collecting DNA fragments still has to be performed to obtain the 
splitting vectors, which is still complicated. 



[13] Therefore, it is desirable to develop a simpler technique for manipulating, 
or isolation of the large size DNA such as, in particular, chromosomes, using a yeast 
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as a host. 

SUMMARY OF THE INVENTION 

[14] The object of the present invention is to provide a method for preparing a 
chromosome splitting vector easily and achieving chromosome modification, in 
particular, splitting and loss, and isolation of a chromosome. 

[15] The inventors of the present invention conducted in-depth research on a 
method for splitting a chromosome, in particular, a chromosome splitting vector that 
is used, and found that amplification of the chromosome splitting vector with PCR 
can be achieved when the number of repeat units of 5'-CCCCAA-3* is reduced to 
about 1/5 to 1/6 of that of the conventionally used Tr sequence, and that a 
chromosome splitting vector even with this short repeat units can serve as the Tr 
sequence and can split a yeast chromosome. Thus, the present invention has been 
achieved. 

[16] The present invention provides a method for modifying a chromosome in a 
yeast including preparing a linear chromosome splitting vector (1) having a target 
sequence (a), a marker gene sequence and (C4A2) n sequence (x) in this order; 
preparing a linear chromosome splitting vector (2) having a target sequence (b), a 
centromere sequence of a yeast chromosome and (C4A2) n sequence (y) in this order; 
and introducing the chromosome splitting vectors ( 1 ) and (2) into a yeast, wherein n 
is each independently an integer of 6 to 10. 

[17] In a preferable embodiment, the chromosome splitting vectors (1) and (2) 
are vectors obtained by PCR. 

[18] In a further preferable embodiment, n of both (C 4 A 2 ) n sequences (a) and (b) 
is 6. 

[19] In a preferable embodiment, modification of chromosome is caused by 
splitting and/or loss of a yeast chromosome. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[20] Figure 1 is a schematic diagram of a chromosome splitting vector used in 
the present invention. 

[21] Figures 2 A to 2C are diagrams showing the manner in which a marker 
gene is deleted by a Cre-loxP system. 

[22] Figures 3A to 3C are schematic diagrams showing the splitting of a 
chromosome using the method of the present invention. 

[23] Figures 4A to 4C are schematic diagrams showing the manner in which the 
splitting and the loss occur in a yeast chromosome. 

[24] Figure 5 is a schematic diagram showing the preparation of a chromosome 
splitting vector using PCR and a photograph of a gel electrophoresis of the PCR 
products. 

[25] Figures 6A and 6B are schematic diagrams showing the manner in which 
splitting with a chromosome splitting vector occurs. 

[26] Figure 7 shows a photograph of a pulse field gel electrophoresis (PFGE) 
and Southern blotting of the chromosomes of the transformants. 

[27] Figure 8 is a schematic diagram showing the preparation of a chromosome 
splitting vector using PCR and a photograph of a gel electrophoresis of the PCR 
products. 

[28] Figure 9 shows a photograph of a pulse field gel electrophoresis (PFGE) 
and Southern blotting of the chromosomes of the transformants. 

[29] Figure 10 shows photographs showing the Southern blotting of the PFGE 
of Figure 9. 

[30] Figure 1 1 is a schematic view of a plasmid pUG6-CEN4. 



6 



[31] Figure 12 is a schematic view of plasmids pUG6-CgHIS3, pUG6-CgLEU2 
and pUG6-CgTRPl that are used as templates for preparation of chromosome 
splitting vectors. 

[32] Figure 13 is a schematic view of plasmids pUG6-CLCEN4 ; pUG6- 
CHCEN4 and pUG6-CTCEN4 that are used as templates for preparation of 
chromosome splitting vectors. 

[33] Figure 14A is a schematic view in which the first chromosome of yeast is 
sequentially split, and Figure 14B is a photograph of PFGE showing the process of 
the sequential splitting. 

[34] Figures 1 5 A to 1 5D are schematic diagrams showing the basic principle of 
chromosome splitting. 

[35] Figures 1 6 A and 1 6B are schematic diagrams showing a telomere sequence 
of Tetrahymena and addition of a yeast telomere sequence to the telomere sequence 
of Tetrahymena. 

[36] Figure 17 is a schematic diagram showing a conventional method for 
splitting a chromosome using pCSVL 

[37] Figures 1 8 A and 1 8B are conventional methods for splitting a chromosome 
using two splitting vectors having a Tr sequence, and Figure 1 8C is a photograph of 
a gel electrophoresis of PCR products when PCR is performed using two splitting 
vectors as templates. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[38] The method for modifying a chromosome of the present invention uses 
two-chromosome splitting vector system including chromosome splitting vectors (1) 
and (2). The chromosome splitting vector (1) is linear and has a target sequence (a), 
a marker gene sequence and a (C 4 A 2 )n sequence (x) in this order. The chromosome 
splitting vector (2) is linear and has a target sequence (b), a centromere sequence of a 

7 



yeast chromosome and a (C 4 A2) n sequence (y) in this order. The (C 4 A 2 ) n in the 
chromosome splitting vectors (1) and (2) means a sequence in which a nucleotide 
sequence of 5-CCCCAA-3', which is a repetitive sequence unit of the Tr sequence, 
is repeated n times, and n is each independently an integer of 6 to 10. Most 
preferably, both n are 6. 

[39] Figure 1 shows the chromosome splitting vectors (1) and (2) used in the 
present invention. Although the two chromosome splitting vectors (1) and (2) have 
only 6 to 10 repetitive sequence units of 5'-CCCCAA-3', which is much less than in 
the conventionally used Tr sequence, they can function as a telomere sequence in 
yeast, so that a yeast chromosome can be split. Furthermore, the vectors can be 
amplified with PCR and thus can be prepared easily. 

Centromere sequence of a yeast chromosome 

[40] The centromere sequence of a yeast chromosome refers to a sequence 
necessary for mitosis of a yeast chromosome. The centromere sequence of any 
chromosome can be used without any particular limitation. In particular, CEN4 or 
CEN6 are preferably used. The centromere sequence of a yeast chromosome can be 
prepared easily with PCR using a plasmid having a desired centromere sequence 
(e.g., pDW26 (Windiant, D. et al, J Ferment, Bioeng, 82, 199-204 (1996)) as a 
template. In preparation, if a pair of primers including appropriate restriction 
enzyme cleavage sites is used, a DNA fragment including a desired centromere 
sequence can be recovered easily. 

Marker gene 

[41] There is no particular limitation regarding the marker gene, as long as it 
can monitor that a chromosome splitting vector has been introduced into yeast. In 
general, auxotrophic marker genes such as HIS3, HISS, URA3, ADE2, LEU2, TRP1, 
and LYS2 can be used. A drug resistance marker gene that can be expressed in an 
eukaryote, for example, a kanamycin resistance gene (Km) can also be used. The 
sequence of a marker gene can be prepared easily with PCR, using a plasmid having 
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the marker gene as a template. In preparation, if a pair of primers having 
appropriate restriction enzyme cleavage sites is used in the PCR amplification, a 
DNA fragment having a desired marker gene sequence can be recovered easily by 
digesting the PCR product by the restriction enzymes. 

Target sequence 

[42] The target sequence refers to a sequence in which a sequence of a splitting 
site of a chromosome (e.g., a yeast chromosome, a plant chromosome, an animal 
chromosome etc.) is included. The target sequence can be obtained by synthesizing 
the sequence corresponding to the splitting site of the chromosome. A DNA fragment 
having a desired target sequence can be prepared and recovered easily with PCR 
using the total DNA of yeast as a template, for example, using a pair of primers 
designed to add appropriate restriction enzyme cleavage sites. 

Preparation of chromosome splitting vector (1) 

[43] The chromosome splitting vector (1) is a linear vector having a target 
sequence (a), a marker gene sequence and a (C4A2) n sequence (x) in this order. The 
chromosome splitting vector (1) can be prepared by performing PCR, for example, 
using the (C4Ai) n sequence and the target sequence (a) as a pair of primers, and a 
vector having an appropriate marker gene as a template. 

[44] The plasmid that can be used as a template of the chromosome splitting 
vector (1) can be constructed in the simplest manner, for example, as follows: PCR is 
performed with appropriate primers, using a plasmid in which a HIS3 gene derived 
from Candida glabrata (CgHIS3 gene) is introduced into pUC18 (Kitada et al., 
(1995) Gene 165, 203-206) (this plasmid is referred to as "pl417" in this 
specification) as a template. The obtained DNA fragment (PCR product) containing 
the CgHIS3 gene is collected and inserted in pBluescript II SK+ (STRATAGENE). 

[45] When the chromosome splitting vector (1) having a marker gene is used, a 
resultant transformant having the split chromosome cannot be used as a host for 
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subsequent transformations because the marker gene still remains. This means that 
sequential splitting of chromosome cannot be performed a plurality of times. If the 
marker gene contained in the transformant in which chromosome is split can be 
removed by some means after transformation, transformation (splitting of 
chromosomes) can be performed a plurality of times. If the sequential splitting of 
chromosome can be done, it is expected that information on or knowledge of the 
gene function, for example, the number, the length and the amount of chromosomes 
necessary for growth of yeast, can be obtained, and the function of the yeast 
chromosome can be analyzed. Consequently, useful yeast such as yeast having 
mini-chromosomes that are created based on the information and suitable for 
efficient production of a desired substance can be bred. 

[46] Therefore, it is preferable to use a system that can delete the selection 
marker so that the transfomant can be re-used as a host, which makes it possible to 
conduct the consecutive splitting of the chromosome. A site-specific recombination 
system (Cre-loxP system) can be used as the deletion system of the marker gene. 
Therefore, a plasmid having the marker gene in a Cre-loxP system can be preferably 
used as a template of the chromosome splitting vector (1) so that the marker gene 
can be removed after the transformation is completed. This Cre-loxP system is 
available in a plasmid pUG6 (Guldener et al. (1996) Nucleic Acids Res. 24(13), 
25 19-2524). Figures 2 A to 2C show the Cre-loxP system. As shown in Figure 2A, 
the marker gene is inserted in-between the loxP genes. Then, as shown in Figure 
2B, site-specific recombination occurs by the expression of the Cre recombinase, and 
as shown in Figure 2C, the marker gene is removed by the Cre recombinase. The 
expression of the Cre recombinase is regulated by a promoter of a GAL1 gene 
encoding a galactose metabolizing enzyme. 

[47] The plasmid used as a template of the chromosome splitting vector (1) can 
be constructed by using the plasmid pUG6, for example, in the following manner: 
(i) PCR is performed, using the plasmid pl417 having the CgHIS3gene as a template 
so as to obtain a DNA fragment containing the CgHIS3gene: (ii) the thus-obtained 
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DNA fragment is cloned into a pT7Blue-T vector (Novagen); (iii) the DNA fragment 
containing the CgHIS3 gene is cut out again, recovered, and inserted it into the 
plasmid pUG6 from which the kanamycin resistance gene has been removed; (iv) a 
DNA fragment containing the CgHIS3 gene is recovered from the obtained plasmid 
and inserted it into a pBluescript II SK+ (STRATAGENE). Thus, a plasmid 
(pUG6-CgHIS3: refer to Figure 12) that can be used as a template of the 
chromosome splitting vector (1) can be obtained. 

[48] Plasmid pUG6-CgLEU2 or pUG-CgTRPl can be obtained from a plasmid 
containing CgLEU2 gene or CgTRPl gene, respectively, in the same manner as the 
above described. Refer to Figure 12. 

[49] The plasmid containing the marker gene that is obtained through the steps 
of (i) to (iv) contains a selection marker gene in the site-specific recombination 
system (Cre-loxP system) as shown in Figures 2A to 2C that is derived from the 
plasmid pUG6. Using the Cre-loxP system, it becomes possible to split a 
chromosome consecutively in the same host. Therefore, PCR is performed, using a 
plasmid harboring the Cre-loxP system as a template, so as to include the marker 
gene sandwiched by the loxP genes. The thus obtained chromosome splitting vector 
(1) can be consecutively used for transformation in the same host. 

[50] The chromosome splitting vector (1) can be obtained by performing PCR 
with the plasmid having the marker gene as a template, using a primer having a 
target sequence (al) having a homology to the area of the yeast chromosome to be 
split and a sequence (a2) homologous to the template plasmid, and a primer having a 
(C 4 A2) n sequence and a sequence (a3) homologous with the template plasmid. The 
sequences (a2) and (a3) having a homologous sequence with the template plasmid 
are selected so as to sandwich the marker gene sequence. There is no particular 
limitation on the conditions of the PCR and the conditions routinely used by those 
skilled in the art can be used. 

Preparation of chromosome splitting vector (2) 
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[51] The chromosome splitting vector (2) is a linear vector having a target 
sequence (b) 5 a centromere sequence of a yeast chromosome (CEN) and a (C 4 A2) n 
sequence (y) in this order. The chromosome splitting vector (2) is prepared by 
performing PCR, for example, using a vector having a centromere sequence of a 
yeast as a template, and the (C 4 A2) n sequence and the target sequence (b) as primers. 

[52] The plasmid used as a template of the chromosome splitting vector (2) can 
be constructed, for example, in the following manner. PCR is performed with an 
appropriate primer, using a chromosomal DNA of yeast as a template; then, the 
obtained DNA fragment is cloned into pT7Blue-T vector (Novagen); and the DNA 
fragment containing centromere sequence (for example, CEN4) is recovered with an 
appropriate restriction enzyme and is inserted into pBluescript II SK+ 
(STRATAGENE). Thus, the plasmid that can be used as a template of the 
chromosome splitting vector (2) can be obtained. 

[53] The chromosome splitting vector (2) can be obtained by performing PCR 
using the plasmid having the yeast centromere as a template, using a primer having a 
target sequence (bl) that has a homology with a site of the yeast chromosome to be 
split and a sequence (b2) homologous with the template plasmid, and a primer 
having a {C^2)w sequence and a sequence (b3) homologous with the template 
plasmid. The sequences (b2) and (b3) having a homologous sequence with the 
template plasmid are selected so as to sandwich the yeast centromere sequence. 

Method for splitting a yeast chromosome 

[54] The method of the present invention will be described schematically with 
reference to Figures 3A to 3C by taking an example in which the (C4A 2 )6 sequence is 
used as a primer. First, as shown in Figure 3 A, the chromosome splitting vectors 
(1) and (2) are prepared using a sequence having a target sequence (a) or a target 
sequence (b) and a (C4A2)6 sequence as a primer, and using a plasmid having a 
marker gene (M) or a centromere sequence (CEN4). Then, as shown in Figure 3B, 
the chromosome splitting vectors (1) and (2) are introduced into yeast. It seems that 
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the introduced chromosome splitting vectors cause homologous recombination at a 
homologous site of the yeast chromosome, and thus the chromosome splitting 
vectors (1) and (2) are inserted into the yeast chromosome. Then, as shown in 
Figure 3C, the telomere sequence of the yeast appears to be added to the (C 4 A 2 )6 
sequence, which provides the function as a chromosome. The orientation of the 
target sequence (a) and (b) in the primers is designed so that each of the (C 4 A 2 )6 
sequences in the splitting vectors (a) and (b) becomes a terminal of each two split 
chromosomes when telomere resolution occurred. 

Splitting and/or loss of a yeast chromosome 

[55] Splitting and/or loss of a yeast chromosome using the chromosome 
splitting vectors of the present invention will be described. When a chromosome is 
split, there are cases in which a loss in the chromosome occurs and cases in which it 
does not occur. Figures 4A to 4C show the manner in which splitting and/or loss 
occurs in a chromosome. For example, in Figure 4A, the target sequences (a) and 
(b) are constituted in such a manner that, sandwiching the splitting site, the target 
sequence (b) has the chromosome sequence on the left side of the splitting site, and 
the target sequence (a) has the chromosome sequence on the right side of the splitting 
site. It seems that the linear chromosome splitting vectors (1) and (2) having such 
target sequences (a) and (b), respectively, are introduced into a yeast simultaneously, 
so that the chromosome can be split as shown in the lowest stage in Figure 4A. 

[56] It is also possible that the chromosome splitting vector (1) or (2) alone 
participates in splitting or loss, as shown in Figures 4B and 4C. It seems that 
splitting or loss of a chromosome occurs in the manners shown in Figures 4A to 4C 
alone or in combination, or in another manner. 

[57] Furthermore, when the obtained transformant having the split 
chromosomes includes the site-specific recombination system (Cre-loxP system), it 
is possible to remove the marker gene by expressing the Cre enzyme so that the 
chromosome splitting vectors having the same marker can be subsequently 
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introduced into the transfomant having the split chromosomes. 
Examples 

[58] Hereinafter, the present invention will be described by way of examples, 
but the present invention is not limited to the examples. 

Conditions ofPCR 

[59] In the following reference examples and working examples, amplification 
of DNA fragments with PCR and preparation of the chromosome vectors (1) and (2) 
were performed under the following conditions. 

[60] First, 0.2 ii 1 of Takara Ex Taq DNA polymerase (Takara Shuzo Co. Ltd), 4 
ix 1 of 1 0 x Reaction buffer (Takara Ex Taq DNA polymerase buffer), 4 1± 1 of dNTP 
mixed solution (2.5 mM each of dATP, dTTP, dGTP, and dCTP), 0.2 \x 1 of the 
template DNA, and 2 ju 1 each of two types of primer DNA (20 pmol/ 1± 1 each) were 
put in a 0.2 ml tube for this purpose and were diluted to 40 {i 1 with a sterile water. 
The mixture was placed in a GeneAmp PCR System (PERKIN ELMER) and 
reactions at (1) 94°C for three minutes; (2) 94°C for one minute (denaturation of 
double stranded DNA); (3) 50 to 60°C for 2 minutes (annealing of primers); (4) 72°C 
for 1 to 3 minutes (elongation of DNA with polymerase); and (5) 4°C for 10 minutes 
are repeated 25 times. 

Yeast to be used and chromosome to be split 

[61] Chromosome I (230195 bp), which was the smallest of the 16 
chromosomes of a haploid budding yeast, was used as the chromosome to be split. 
The CgHIS3 gene was used as the selection marker, and the splitting site was set 
approximately at a center of chromosome I (between 1 19874 bp and 1 19875 bp). If 
the chromosome I is split as desired, chromosome I should be split to about 120 kbp 
and about 110 kbp. The haploid budding yeast is a SH5209(a) strain (formerly 
FY833 strain : MA Ta his3A200 ura3-52 leu2M fys2A 202 trplA 63 (Winston et al. 
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(1995) Yeast 1 1, 53-55). 



Reference Example 1: Construction of a plasmid pSK+CgHIS3 as a template for 
construction of the chromosome splitting vector (1) 

[62] A plasmid pSK+CgHIS3 is obtained by incorporating a CgHIS3 gene, 
which is incorporated into loxP sites of a Cre-loxP system, into pBluescript II SK+ 
(STRATAGENE). 

[63] First, PCR was performed, using primers CgHIS3-l and CgHIS3-2 having 
the following sequences, and a plasmid pl417 having a CgHIS3 gene as a template. 

CgHIS3-l:5'-CTCTCTAGATAACACCGATCAGATGCACA-3' 

(Sequence ID No.l) 

CgHIS3-2:5'-CTCCTCGAGAAACTTGCTCTGCTAACTCA-3' 
(Sequence ID No.2) 

[64] The obtained DNA fragment of about 1.62 kbp was cloned into pT7Blue-T 
vector (Novagen) with T4DNA ligase to construct a plasmid pT7-CgHIS3. The 
primer CgHIS3-l has a sequence that generates a restriction enzyme Xbal cleavage 
site. Similarly, the primer CgHIS3-2 has a sequence that generates a restriction 
enzyme Xhol cleavage site. 

[65] Then, the plasmid pT7-CgHIS3 was digested with a restriction enzyme 
XballXhol A DNA fragment of about 1.62 kbp containing the CgHIS3 gene was 
recovered, using GENE CLEAN II KIT (Funakoshi Co. Ltd.), from agarose gel. 
Then, plasmid pUG6 was digested with BglH/XhoI and XballXhol to remove about 
1.54 kbp including a kanamycin resistant gene. A DNA fragment without kanamycin 
resistant gene was recovered from the agarose gel, using GENE CLEAN II KIT 
(Funakoshi Co. Ltd.). Then, the DNA fragment of about 1.62 kbp containing the 
CgHIS3 gene was inserted into the Xbal/Xhol cleavage site of the recovered DNA 
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fragment, so that a plasmid pUG6-CgHIS3 was constructed. 

[66] Then, the plasmid pUG6-CgHIS3 was digested with NotI to obtain about 
1.79 kbp fragment containing the CgHIS3 gene. This 1.79 kbp fragment was inserted 
into a NotI site of pBluescript II SK+ (STRATAGENE), so that a plasmid 
pSK+CgHIS3 was constructed. 

Reference Example 2: Construction of a plasmid pSK+CEN4 as a template for 
constructing the chromosome splitting vector (2) 

[67] A plasmid pSK+CEN4 is a plasmid having a centromere sequence of a 
yeast, and is used as a template for constructing the chromosome splitting vector (2). 
In this plasmid, a CEN4 gene is incorporated into pBluescript II SK+ 
(STRATAGENE) as centromere. 

[68] First, PCR was performed, using CEN4-1 and CEN4-2 having the 
following sequences as primers, and a chromosomal DNA of a wild-type budding 
yeast strain S288C as a template. 

CEN4-1: 5'- CTCGAATTCGGCC ATTCTC ATGAAGAATA-3 ' 
(Sequence ID No. 3) 

CEN4-2: 5'- CTCGAATTCTCTAAG AGGTGAT ACTTATT-3 ' 
(Sequence ID No. 4) 

[69] The obtained DNA fragment of about 0.85 kbp was cloned into pT7Blue-T 
vector (Novagen) with T4DNA ligase to construct a plasmid pT7-CEN4. Each 
primer CEN4-1 and CEN4-2 has a sequence that generates a restriction enzyme 
EcoRI cleavage site, respectively. 

[70] Then, the obtained pT7-CEN4 was digested with a restriction enzyme 
EcoRI, and the DNA fragment of about 0.85 kbp containing the CEN4 was 
recovered. This 0.85 kbp DNA fragment was inserted into an EcoRI site of 
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pBluescript II SK+ (STRATAGENE), so that a plasmid pSK+CEN4 was 
constructed. 

Example 1 : Production of a chromosome splitting vector 

[71] Figure 5 is a schematic diagram showing production of chromosome 
splitting vectors (1A), (2A), (IB) and (2B). 

[72] Production of chromosome splitting vector (1 A) 

[73] The following primers were used: 

chIY-11 : 5'-GAATGCTATGTTGTGGTTAGCGACCTGCCCCTTGCCAAATCTA 
TATCACCACTTCCTTAGCATGTAATCATTTACTTAAAGGAAACAGCTATG 
ACCATG-3' (Sequence ID No.5), and 

Tr6-1 : 5'-CCCCAACCCCAACCCCAACCCCAACCCCAACCCCAATCGAGGT 
CG ACGGT ATCG AT-3 ' (Sequence ID No.6). 

[74] The primer chIY-11 (Sequence ID No.5) has 99bases. The 80 bases from 
the 5' terminal of the chIY-11 constitute a region homologous to the nucleotide 
sequence of 1 19795 bp to 1 19874 bp of chromosome I, which is the target sequence. 
The remaining 19 bases constitute a region homologous to the plasmid 
pSK+CgHIS3. The primer Tr6-1 has the (C4A2)6 sequence and 20-base sequence 
homologous to sequences of the plasmid pSK+CgHIS3. PCR was performed using 
these two primers, and the plasmid pSK+CgHIS3 as a template, and thus a PCR 
product 1 (chromosome splitting vector (1 A) ) was obtained. 

Production of chromosome splitting vector (2A) 

[75] The following primers were used: 

chlY- 1 2 : 5'-GTTGAAAAGGAAATC AACGTTACAAAGTGC AGTTTTTTGTA 
TTATTTTCCTATTATCCTCTTCTTTTCCTTTGTTTCAGGGGAAACAGCTATG 
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ACCATG-3' (Sequence ID No.7) 5 and Tr6-1 (Sequence ID No.6). 

[76] The primer chIY-12 (Sequence ID No. 7) has 99bases. The 80 bases from 
the 5' terminal of the chIY-12 constitute a region homologous to the nucleotide 
sequence of 1 19875 bp to 1 19754 bp in chromosome I, which is the target sequence, 
and The remaining 19 bases constitute a region homologous to the plasmid 
pSK+CEN4. PCR was performed using these two primers, and the plasmid 
pSK+CEN4 as a template, and thus a PCR product 2 (chromosome splitting vector 
(2A) ) was obtained. 

Production of chromosome splitting vector (2B) 
[77] The following primers were used: 

chIY-13 : S'-TTTAAGTAAATGATTACATGCTAAGGAAGTGGTGAATAAGAT 
TTGGCAAGGGGCAGGTCGCTAACCACAACATAGCATTCGGAAACAGCTA 
TG ACCATG-3' (Sequence ID No.8) and primer Tr6-1 (Sequence ID No.6). 

[78] The primer chIY-13 (Sequence ID No.8) has 99bases. The 80 bases from 
the 5' terminal of the chIY-13 constitute a region homologous to the nucleotide 
sequence of 1 19795 bp to 1 19874 bp in chromosome I, which is the target sequence, 
and The remaining 19 bases constitute a region homologous to the plasmid 
pSK+CEN4. PCR was performed using these two primers, and the plasmid 
pSK+CEN4 as a template, and thus a PCR product 3 (chromosome splitting vector 
(2B) ) was obtained. 

Production of chromosome splitting vector (IB) 
[79] The following primers were used: 

chIY-14 : 5'-CCTGAAACAAAGGAAAAGAAGAGGATAATAGGAAAATAATA 
CAAAAAACTGCACTTTGTAACGTTGATTTCCTTTTCAACGGAAACAGCTA 
TGACCATG-3' (Sequence ID No.9) and primer Tr6-1 (Sequence ID No.6). 
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[80] The primer chIY-14 (Sequence ID No. 9) has 99bases. The 80 bases from 
the 5' terminal of the chIY-13 constitute a region homologous to the nucleotide 
sequence of 1 19875 bp to 1 19754 bp in chromosome I, which is the target sequence, 
and The remaining 19 bases constitute a region homologous to the plasmid 
pSK+CgHIS3. PCR was performed using these two primers, and the plasmid 
pSK>CgHIS3 as a template, and thus a PCR product 4 (chromosome splitting vector 
(IB) ) was obtained. 

[81] Figure 5 shows a photograph of a gel electrophoresis of the PCR products 
1 to 4. Fragments having a size of about 2.1 kbp are amplified specifically (PCR 
products 1 and 4), and fragments having a size of about 1.2 kbp are amplified 
specifically (PCR products 2 and 3). Thus, it is evident that specific amplification 
can be achieved by PCR using the repetitive sequence of (C4A2)6 as the primers. 
This confirms that the chromosome splitting vectors (1) and (2) can be prepared by 
PCR. 

[82] The obtained chromosome splitting vectors (1A) and (2 A) perform 
splitting of a chromosome in a manner that each of target sequences is introduced 
into each split chromosomes (hereinafter, referred to as "type (A)"), as shown in 
Figure 6 A. The chromosome splitting vectors (IB) and (2B) perform splitting of a 
chromosome in a manner that a target sequence is not introduced into each split 
chromosomes (hereinafter, referred to as "type (B)"), as shown in Figure 6B. 

Example 2: Splitting of a yeast chromosome -1 

[83] A pair of the chromosome splitting vectors (1A) and (2 A) or the 
chromosome splitting vectors (IB) and (2B) obtained by the above-described PCR 
were transformed into a yeast strain SH5209 by the lithium acetate method. 
Transformants (yeast in which chromosome I was expected to be split as desired) 
that can grow on a His-deficient medium were selected. When the splitting of type 
A was performed using the chromosome splitting vectors (1A) and (2A), six 
transformants were obtained. When the splitting of type B was performed using the 
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chromosome splitting vectors (2B) and (IB), four transformants were obtained. 

[84] Then, in these transformants, a pulse field gel electrophoretic (PFGE) 
analysis and a Southern blotting were performed in order to investigate whether 
chromosome I had been split as desired (Figure 7). If being split as desired, 
chromosome I should be split into about 120 kbp and about 1 10 kbp. As a result of 
the PFGE analysis, the band of chromosome I would disappear and a new band 
would be generated in the vicinity of 1 20 kbp in two transformants (lanes 2 and 4 in 
Figure 7) in the splitting of type (A), and also in two strains (lanes 10 and 11 in 
Figure 7) in the splitting of type (B). If being split as desired, chromosome I should 
be split into two fragments of about 120 kbp and about 110 kbp, but it seems that the 
two bands overlap each other in the vicinity of about 120 kbp. Then, a Southern 
blotting was performed. As a result, in both the analysis using CgHIS3 as a probe 
that should be incorporated in the split chromosome of about 110 kbp and the 
analysis using CEN4 as a probe that should be incorporated in the split chromosome 
of about 120 kbp, signals were obtained in the vicinity of 120 kbp in the lanes 2, 4, 
10 and 11. Therefore, the split chromosome (about 110 kbp) containing CgHIS3 
and the split chromosome (about 120 kbp) containing CEN4 overlap each other, 
which indicates that in the transformants of the lanes 2, 4, 10 and 11, chromosome I 
was split as desired. 

[85] In the analysis using CEN4 as a probe, chromosome IV was detected in 
none of the lanes. Because chromosome IV is very large (about 1.5 Mbp), 
chromosome IV could not be transferred onto a membrane for the Southern blotting. 
In the transformants in lanes 5, 6, 8 and 9, chromosome I did not appear to be split. 
From the result of Southern blotting analysis using CgHIS3 as a probe, it is believed 
that the CgHIS3 gene was introduced into another chromosome than chromosome I, 
and therefore these strains were able to grow on a His-deficient medium. 

[86] In the transformant in lane 7, chromosome I was not split, however, this 
transformant was able to grow in a His-deficient medium. This is most probably 
because the transformant had the split chromosome (about 110 kbp) containing 
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CgHIS3 in a newly generated split chromosome. Summing up these results, 
chromosome I of a yeast was split at a frequency of 1/3 in the splitting vector of type 
(A) and a frequency of 1/2 in the splitting vector of type (B), and therefore, there is 
substantially no difference between the two types (A) and (B) splitting. Thus, it is 
evident that the chromosome can be split at a high frequency using two chromosome 
splitting vectors that has been prepared with PCR in a simple manner. 

Example 3: Construction of chromosome splitting vectors (1C) and (2C) 

Construction of chromosome splitting vector (1C) 

[87] Figure 8 shows a schematic diagram for construction of chromosome 
splitting vector (1C). 

[88] The following primers: 

chlY- 1 5 : 5'-CAAGAAATATCTTGACCGC AGTGAACTGTGGGAATA 
CTCAGGTATACAGCTATGACCATG-3' (Sequence ID No. 10) and Tr6-1 
(Sequence ID No. 6) were used. 

[89] The primer chIY-15 (Sequence ID No. 10) has 60bases. The 45 bases from 
the 5' terminal of the chIY-15 constitute a region homologous to the nucleotide 
sequence of 181 165 bp to 181209 bp in chromosome I, which is the target sequence, 
and The remaining 15 bases constitute a region homologous to the plasmid 
pSK+CgHIS3. PCR was performed using these two primers, and the plasmid 
pSK+CgHIS3 as a template, and thus a PCR product 5 (chromosome splitting vector 
(1C) ) was obtained. 

Construction of chromosome splitting vector (2C) 

[90] Figure 8 shows a schematic diagram for construction of chromosome 
splitting vector (2C). 

[91] The following primers: 
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chlY- 1 6 : 5'-GAAAAAATAATGGTTGCTAAGAGATTCGAACTCTTGCATCT 
TACGACAGCTATGACCATG-3' (Sequence ID No. 11) and Tr6-1 (Sequence ID 
No. 6) were used. 

[92] PCR was performed using the plasmid pSK+CEN4 as a template. The 
primer chIY-16 (Sequence ID No.l 1) has 60bases. The 45 bases from the 5' terminal 
of the chl Y- 1 6 constitute a region homologous to the nucleotide sequence of 1 8 1 2 1 0 
bp to 181254 bp in chromosome I, which is the target sequence, and The remaining 
15 bases constitute a region homologous to the plasmid pSK+CEN4. PCR was 
performed using these two primers, and the plasmid pSK+CEN4as a template, and 
thus a PCR product 6 (chromosome splitting vector (2C) ) was obtained. 

[93] A photograph of a gel electrophoresis of the PCR products 5 and 6 is 
shown in Figure 8. Fragments having a size of about 2.0 kbp and about 1 .2 kbp are 
amplified specifically, which confirms that the chromosome splitting vectors (1C) 
and (2C) were obtained. 

[94] The obtained chromosome splitting vectors (1C) and (2C) are vectors for 
type (B) splitting of chromosomes shown in Figure 6B. When being split as 
desired, chromosome I should be split between the 181209 bp and 181210 bp, and 
into about 180 kbp and about 50 kbp fragments. 

Example 4: Splitting of yeast chromosome -2 

[95] A pair of the chromosome splitting vectors (1C) and (2C) were introduced 
into a yeast strain SH5209 by the lithium acetate method. Transformants that can 
grow on a His-deficient medium were selected. Since a large number of 
transformants were obtained, 24 tranformants were selected at random and were 
subjected to PFGE. 

[96] Figure 9 shows the results. The band of chromosome I of the transformant 
of a lane 8 has disappeared, and two new bands have been generated in the vicinity 
of 180 kbp and 50 kbp, respectively. Then, the Southern blotting was performed for 
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in-depth examination (Figure 10). As a result, in the transformant of the lane 8, a 
signal was obtained in the vicinity of 180 kbp in the analysis using CgHIS3 as a 
probe, and a signal was obtained in the about 50 kbp in the analysis using CEN4 as a 
probe. These results indicate that in the transformant of the lane 8, chromosome I 
was split into two chromosomes of about 180 kbp and about 50 kbp, as desired. 
Therefore, also in a splitting using a homologous region of 45 mer, chromosome I 
can be split as desired as a frequency of 1/24. 

[97] Compared with the splitting in the central region of chromosome I 
(Working Example 2), an incidence of the transformants in which splitting has 
occurred was low in Working Example 4, possibly due to the three following 
reasons: 1) the splitting efficiency varies significantly depending upon the structure 
of a site to be split; 2) the length of the homologous region to chromosome is 
decreased about 50% from 80 bases to 45 bases; and 3) a gene necessary for growth 
(hereinafter, referred to as "essential gene") was not distributed to a split 
chromosome in this splitting. 

[98] No essential gene is present in the obtained split chromosome of about 50 
kbp. Therefore, even if recombination occurs with the chromosome splitting vector 
(1C) having CgHIS3, it is not necessary that recombination occurs with the 
chromosome splitting vector (2C) having CEN4. However, in the splitting at the 
central portion in chromosome I, the essential gene is distributed to the split 
chromosome, so that when recombination occurs only with a chromosome splitting 
vector (1C) having CgHIS3, this essential gene is lost, and therefore the transformant 
cannot survive. Therefore, in the splitting at about 50kbp of the right arm of 
chromosome I that is not involved in the distribution of the essential gene (splitting 
in Working Example 4), the number of quasi-positive transformants (lanes 2, 3, 21, 
22, 23, 24 etc.) that grew on a His-deficient medium is larger than that in the splitting 
in the central portion of chromosome I that is involved in the distribution of the 
essential gene. As a result, the yield of the transformant having split chromosomes 
appears to be decreased. Alternatively, it is also possible that chromosome I of 
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these quasi-positive transformants were split into two split chromosomes of about 
180 kbp and about 50 kbp as desired, but since there is no essential gene in the split 
chromosome of about 50 kbp, the split chromosome of about 50 kbp is lost during 
cultivation. However, in either case, even if the fragment with a 45 base 
homologous region was used, a transformant in which the chromosome was split was 
obtained. 

Example 5: sequential splitting of yeast chromosome 

[99] It was attempted to split chromosome I (230 kbp) sequentially into five 
fragments (45, 65, 25, 45, and 50 kbp) using the transformant in the lane 8 obtained 
in Example 4 (hereinafter, referred to as "transformant 8") as the parent strain. 

[100] Hereinafter, first, (A) preparation of oligonucleotide primers for PCR and 
(B) preparation of plasmids to be used will be described, and then (C) the results of 
preparing chromosome splitting vectors (1) and (2) with PCR and splitting the 
chromosome will be described. 

A. Preparation of oligonucleotide primers for PCR 

[101] The primers used for isolation of a gene and preparation of chromosome 
splitting vectors are shown below. The synthesis of the primers was entrusted to 
Hokkaido System Science CO., LTD. The Sequence ID Nos. 12 to 13 are primers 
for preparing the chromosome splitting vector (1), and the underlined portion 
indicates restriction enzyme cleavage site given in parentheses. The Sequence ID 
Nos. 14 to 19 are 99-mer primers for preparing the chromosome splitting vector (2). 
The 80 bases from the 5' terminal of the primer constitute a region homologous to 
chromosome I of yeast, and the positional information of chromosome I is given in 
parentheses. The underlined 19 mers of the Sequence ID Nos. 14 to 19 show a 
region homologous to the plasmid used as a template. The Sequence ID No. 20 is a 
primer including (C 4 A 2 )6 for preparing the chromosome splitting vectors (1) and (2), 
and the underlined 20 mers show a region homologous to the plasmid used as a 
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template. 



CEN4-1S : 5 ' -CTCGTCGACGGCC ATTCTC ATG AAG A ATA-3 ' (Sequence ID 
No. 12) (Sail) 

CEN4-2X : 5 ' -CTC CTCG AG TCTAAGAGGTGATACTTATT-3 ' (Sequence ID 
No. 1 3) (*7zoJ) 

chI27 : 5'-GGTCTTCATCCTCCATTTGGTCAATGCGGCCAACAATACGGATT 
TCCTCCTCATTGGAGCGCAGAGACCCTAACAACACA CTTCGTACGCTGCA 
GGTCG -3' (Sequence ID No. 14) 

(Chromosome I 109496bp-109575bp) 

chI28 : 5'-TGTGTGGTCATGTTCAGCGTGAGCAAAATCAGTCGGAAAGTGA 
ACGAGAATTGGAATGTGGAAGACGGACATATCACTGA CTTCGTACGCTG 
CAGGTCG -3' (Sequence ID No. 15) 

(Chromosome I 109576bp-109655bp) 

chI29 : 5'-TTATAATGAGCAAGTCGATACAAGGACTGCCCATAAAGTGGG 
AGGAGTACGCCGCTGATGAAGTGGTTTTGCTGGTACCT CTTCGTACGCTG 
CAGGTCG -3' (Sequence ID No. 16) 

(Chromosome I 42367bp-42446bp) 

chI30 : 5'-TATATGATTTTGTGTTCGTTTTTCGTCTTGCGAAAGGCATCCCC 
AATGGCTTGTTTCATTGATCCATCAGTGTGGCTCGT CTTCGTACGCTGCAG 
GTCG -3' (Sequence ID No. 17) 

(Chromosome I 42447bp-42526bp) 

chI31 : 5'-GACCAGTGAAGAGGAATTGAATAAGTAGAACTTGGGCAATAC 
TTATAACGGCAATGATAATGATAATCAATATAGATAAC CTTCGTACGCTG 
CAGGTCG -3' (Sequence ID No. 18) 
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(Chromosome I 137720bp-137799bp) 

chI32 : 5'-ACGAAGACTTTGAACTATTTGAGAGCCAGAGAATGGAGAAAC 
ATGTCTACCGTCAATTCCACCGAATCAAGGTTGACTTG CTTCGTACGCTG 
CAGGTCG -3' (Sequence ID No. 19) 

(Chromosome I 137800 bp- 137879 bp) 

Tr6-4 : 5 ' -CCCCAACCCC AACCCC AACCCC AACCCCAACCCC A AAGGCC A 
CTAGTGGATCTGAT -3' (Sequence ID No.20) 

B. Construction of plasmids 

B- 1 . Construction of plasmid pT7-CEN4 (S/X) 

[102] Using primers CEN4-1S (Sequence ID No.12) and CEN4-2X (Sequence 
ID No. 13) and a chromosomal DNA of a wild type budding yeast strain S288C as a 
template, PCR was performed and a DNA fragment of about 0.85 kbp was obtained 
and cloned into pT7Blue-T vector (Novagen), using T4 DNA ligase to construct a 
plasmid pT7-CEN4(S/X). 

B-2. Construction of plasmid pUG6-CEN4 

[103] The plasmid pT7-CEN4(S/X) obtained in B-l was digested with 
XhoIISmal, and a DNA fragment of about 0.85 kbp containing CEN4 was recovered 
from an agarose gel with GENE CLEAN II KIT (Funakoshi Co. Ltd.). Then, 
plasmid pUG6 (Guldener et al., (1996) Nucleic Acids Res. 24(13), 2519-2524) was 
digested with SalllEcoRV, and a fragment that did not contain a kanamycin resistant 
gene was recovered from the agarose gel with GENE CLEAN II KIT (Funakoshi Co. 
Ltd.). Then, the DNA fragment of about 0.85 kbp containing CEN4 was inserted 
into the SalllEcoRV site of the recovered fragment of the pUG6 to construct a 
plasmid pUG6-CEN4 (Figure 1 1). 

B-3. Construction of plasmids pUG6-CLCEN4, pUG6-CHCEN4 and pUG6- 
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CTCEN4 



[104] A DNA fragment of about 0.85 kbp containing CEN4 obtained by 
digesting the plasmid pT7-CEN4(S/X) with XhoIISall was recovered from an 
agarose gel with GENE CLEAN II KIT (Funakoshi Co. Ltd.). Then, a plasmid 
pUG6-CgHIS3, a plasmid pUG6-CgLEU2, and a plasmid pUG6-CgTRPl containing 
marker genes shown in Figure 12 were digested with Sail, and DNA fragments were 
recovered from the agarose gel with GENE CLEAN II KIT (Funakoshi Co. Ltd.). 
Then, the DNA fragment of about 0.85 kbp containing CEN4 was inserted in the Sail 
site of each of the recovered fragments of plasmids pUG6-CgLEU2, pUG6-CgHIS3 
and pUG6-CgTRPl so that plasmids pUG6-CLCEN4, pUG6-CHCEN4 and pUG6- 
CTCEN4 were constructed (Figure 13). In these plasmids, loxP, which is the target 
sequence of a Cre recombinase, is inserted, and CgLEU2, CgHIS3 and CgTRPl 
genes, which are selection markers, can be removed by expressing the Cre 
recombinase. 

C. Sequential splitting of chromosome I of transformant 8 

[105] Chromosome I of the transformant 8 having a size of 230 kbp as shown in 
Figure 14A (i) is split into two split chromosomes of about 180 kbp and about 50 
kbp, as shown in Figure 14A (ii) and a lane (ii) of Figure 14B. In this experiment, 
as shown in Figure 14A (iii), (iv) and (v), the 180 kbp split chromosome of Figure 
14A (ii) was subsequently split into two chromosomes of about 110 kbp and about 
70 kbp (Figure 14A (iii)) and then the split 110 kbp fragment was further split into 
two chromosomes of about 45 kbp and about 65 kbp (Figure 14A (iv)). Then, it was 
attempted to further split the split- chromosome of about 70 kbp contained in the 
transformant of Figure 14A (iv) into two chromosomes of about 25 kbp and about 45 
kbp, as designed. 

[106] In Figure 14 A, the bold portion is a portion that is believed to contain 
essential genes for growth so that splitting was planned not to split this portion. 
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C-L Splitting of 1 80 kbp chromosome 



[107] Using primers chI-27 (Sequence ID No. 14) and Tr6-4 (Sequence ID No. 
20), PCR was performed using the plasmid pUG6-CEN4 as a template so as to 
prepare the chromosome splitting vector (2D). Furthermore, using primers chI-28 
(Sequence ID No. 15) and Tr6-4 (Sequence ID No. 20), PCR was performed using 
the plasmid pUG6-CgTRPl as a template so as to prepare the chromosome splitting 
vector (ID). The transformant 8 was transformed with 10 |ig of each of the 
chromosome splitting vectors (ID) and (2D). As a result, 6 of 17 transformants 
were found that split chromosome of about 180 kbp was subsequently split into about 
1 1 0 kbp and about 70 kbp, as designed (see the lane (iii) of a PFGE photograph of 
Figure 14B). Transformant of this lane (iii) was named as a transformant 8-1 and 
used in the following experiments. 

C-2. Splitting of 1 10 kbp chromosome 

[108] Using primers chI-29 (Sequence ID No. 16) and Tr6-4 (Sequence ID No. 
20), PCR was performed using the plasmid pUG6-CEN4 as a template so as to 
prepare the chromosome splitting vector (2E). Furthermore, using primers ehI-30 
(Sequence ID No. 17) and Tr6-4 (Sequence ID No. 20), PCR was performed using the 
plasmid pUG6-CgLEU2 as a template so as to prepare the chromosome splitting 
vector (IE). The transformant 8-1 was transformed with 10 ^ig of each of the 
chromosome splitting vectors. As a result, 5 of 29 transformants were found that the 
chromosome of about HOkbp was split into two chromosomes of about 45 kbp and 
about 65 kbp, as designed (the lane (iv) of Figure 14B). Transformants of the lane 
(iv) of Figure 14B was named as a transformant 8-2 and used in the following 
experiments 

C-3 . Splitting of 70 kbp chromosome 

[109] First, the selection marker contained in the transformant 8-2 was removed 
using the Cre-loxP system. A plasmid pSH47, which has a URA3 gene as a 
selection marker and expresses a Cre recombinase in a galactose-containing medium, 
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was introduced into the transformant 8-2, and was cultured in a YPGal A medium for 
12 hours. Then, the culture was diluted as appropriate so that about 100 colonies 
appear per plate and was applied onto a YPDA medium. Then, the clones that 
cannot grow in -Leu, -His, -Trp and -Ura medium were taken as selection marker- 
removed clones and were used for subsequent chromosome splitting. 

[110] Using primers chl-31 (Sequence ID No. 18) and Tr6-4 (Sequence ID No. 
20), PCR was performed using the plasmid pUG6-CTCEN4 as a template so as to 
prepare the chromosome splitting vector (2F). Furthermore, using primers chI-32 
(Sequence ID No. 19) and Tr6-4 (Sequence ID No. 20), PCR was performed with the 
plasmid pUG6-CgHIS3 as a template so as to prepare the chromosome splitting 
vector (IF). The transformant 8-2 in which the selection markers were removed was 
transformed with 10 jag of each of the chromosome splitting vectors (IF) and (2F). 
As a result, 5 of 29 transformants were found that the 70kbp chromosome was split 
into two chromosomes of about 25 kbp and about 45 kbp, as designed (the lane (v) of 
Figure 14B). A Southern blotting analysis was performed with a probe specific to 
each split chromosome, and it was confirmed that splitting occurred as designed. 

[Ill] As shown in Figures 14A and 14B, using the method of the present 
invention, yeast chromosome I (230 kbp) could be split sequentially into five 
chromosomes (45, 65, 25, 45, and 50 kbp). A transformant in which a left arm 45 
kbp and a right arm 50 kbp of chromosome I are lost can be obtained (data not 
shown). This may be because that they do not contain essential genes. The 
operation of the method for splitting a chromosome of the present invention is very 
simple and allows a desired chromosomal region to be split or removed, so that the 
method of the present invention is very useful as a method for modifying 
chromosomes in a large scale. 

[112] As described, inventors found that a DNA fragment having a repetitive 
sequence (C4A2) n (Tr sequence) that conventionally could not be amplified 
specifically with PCR can be amplified specifically with PCR by setting n of (C 4 A 2 ) n 
to 6 to 10. It was also found that the chromosome splitting vector can be amplified 
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with PCR in a simple manner by using this (C 4 A 2 ) n sequence as a primer. 
Therefore, the present invention can simplify preparation of the chromosome 
splitting vector remarkably, compared with the conventional method that requires 
complicated multiple steps for preparation of the chromosome splitting vector as 
shown in Figure 1 7, or the method for preparing two chromosome splitting vectors 
having a Tr sequence without PCR. In addition, it seems that the chromosome can 
be split by introducing chromosome splitting vectors having (C 4 A2) n (n = 6 to 10) 
sequence that is amplified with PCR into a yeast, and a telomere sequence of a yeast 
is bound to the (C 4 A 2 )n sequence that is incorporated into the split chromosome, so 
that the split chromosome can function as an intact chromosome. 

[113] A method of the present invention can be exploited for, for example, 
splitting or separation of a plant chromosome or an animal chromosome that is 
cloned into yeast artificial chromosome (YAC) vector. The method of the present 
invention is also useful for creation of useful transgenic microorganisms, animals or 
plants, for acceleration of structure analysis of a chromosome and construction of a 
plant artificial chromosome, speed-up of positional cloning, precision for precise and 
simplified functional test of microorganism or animal or plant chromosomes and for 
studies of human chromosome and applications in medicine. 

[114] The invention may be embodied in other forms without departing from the 
spirit or essential characteristics thereof. The embodiments disclosed in this 
application are to be considered in all respects as illustrative and not limiting. The 
scope of the invention is indicated by the appended claims rather than by the 
foregoing description, and all changes which come within the meaning and range of 
equivalency of the claims are intended to be embraced therein. 



30 



